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(54) MUTUAL PC CONNECTING MECHANISM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
connector for compatible personal 
computers(PC) and displays. 
SOLUTION: A mutually connectable 
scheme for a PC theater system uses a 
compatible plug and a display connector 
for both a display 12 and a host computer 
14. An audio/video signal received by any 
one of a display 12 or a computer 14 is 
processed by the computer 14 and 
transmitted in a signal format standardized 
between these devices while using the 
compatible connector. Besides, a control 
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scheme for enabling the master/slave control of the display through the 
computer 14 uses various standardized signals and formats for 
guaranteeing compatibility among products produced by different 
companies so that mutual connection among various products is 
ensured. 
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TMDS =y — $> 0 +- 


2 2 


TMDS 5r — & 0 - 


2 3 


TMDSf-^ 0 »j£-> 


2 5 




2 6 


DDCf-^ (SDD) 


2 7 


DDC^Dy^ (SCL) 


2 8 


+ 5VDC (fcB^J) 


C 1 




C 2 




C 4 




C 5 





hT'S. tcOE VCf±«Wc98IB$nfcT^n^ • * [314] 



^4 Z^U^ • f^Xyi/-f P&D-A{f^ 







4 




5 


Tk^-mm (ttl) 


6 


mmmm (ttd 


8 




1 6 




1 7 


USBf"^- 


1 8 


usB/i 3 9 4at> - ^e— K ■ ;uh 


2 5 




2 6 


DDCt-^ (SDA) 


2 7 


DDC^D7^ (S CD 


2 8 


+ 5VDC (^^^^u-r^^A^) 


C 1 




C 2 




C4 




C 5 





[0 02 6] f^^^'f^7'l/^12a, P&D -h-r^c 



(10) 1-16 1460 

17 18 



^5 TJiSfJV* X^K P&D-D=l*?*fI*t 



fc£> 




1 


TMDSt^2 + 


2 


TMDSf^2- 


3 


TMDSr-^2 >J* — > 


7 


TMDS^D'^ - U*-> 


8 


^yh-^v^&tiJ (pc^+SVDCIUW 


1 X 




1 2 


TMDSf^^ 1 - 


1 3 


TMDSr-^ 1 U 4> — > 


1 4 




1 5 




1 6 


USBf-^+ 


1 7 




1 8 


USB/1 3 9 4 • H ■ K 


2 1 


TMDSr-^Of 


2 2 


TMDSt-^O- 


2 3 


TMDSt-^O u^— > 


2 5 




2 6 


DDCr-^ (SDA> 


2 7 


DDCi'D^ (SCL) 


2 8 


+ 5VDC (fUyi/'f^A^) 



[0 0 2 7] 1 2MTC 1 4«*/c3!6 

1EEE1394- 1 99 5£^#- h * £ fc8Mtt£? 3 



[»8] 

^6 PCSOffY X^K cofca&<z>^flnc9^5f 







9 


1 3 9 4TPA* 


1 0 


1 3 9 4TPA 


1 9 


1 3 9 4 Vg 


2 0 


1 3 9 4 Vp 


2 9 


1 3 9 4TPB 


3 0 


1 3 9 4TPB * 



[0 0 2 8 ] P&D:a***©fcfe©6#1M*- HWlll 

StttT^-ay • *-?* * • Measures, 
l. v-* • 1 

3. J©g-2V 0. 5V RMSfi* 

PC 1 4tt*fc* «WtT>«iar*flac»Tl44 3. 5m 

toy ■ *-^-f *ffl**1?"#- h njftBr#>*. cot 

*-fw*#«g*IKBrrS. Mfc, PC14tt*fc, 
«i£fc">S0^r£flH>Tl>£»2©3. Bmm^fl/f 
• i?+ y 9±g>5 4>\s'<fo • *f*U* • 7tP^ - * 
-x^A**^*-^!^**,, CO*— 5 s -/*A 



*-fw * • ^-r/^t-FsF- h*r£. PC14«M&t 

9teJSi>£C£an?£& 0 

[0 02 9] f^X7'U^12«, 2^©RCA^t^ 

^±cD^-/>b^^ • b* • T^tf^ • *— * 

•thJ<-N£*i£*§^ X^U-f 1 2«*fc*-7 4 -/ 
30 *ffi^CD/c^CD2 0CDRCA^^ y ^i, fcff^tttWCD 
/t&cDS^t'x* • ^^^jfi^Ci^r^^ 0 

C(0-i>^y *->\\Z, fAyW'V-i 1 2£IS 
Efll>iWT£fc#>PC 1 4CCct ^ffll^n^o itffi^Lfc 
J:Mt, Mfi-Y 3 5W, DDC2BROU 

SBjiff y>^^ffll>T^f3n^ 0 VESA DDC 

40 c©H«^ce:*ji^ra t pci4«3nc^*£ 

T&O, f^X7'l/>f 12(i®iCXL/-^t^ 0 PC 

l 4 <D##iifi h -7 > if ^ 3 > £ MJ&*r §ci a*-c ^ 

x* ->^r*A^1f^-r^ a DDC 2 Btftf- MS. P 
C 1 ARV^-f 1 2©St^tc*n,»Tffl^6ti 

VESA DDC*j£fgV3. 0(DDDC2Bt^^> 

so 3 >£, cfc«?^<cot»$gico^r#ML/t:«>cfcc^ 



19 

[0 0 3 0] iJlffizs ] ) 7)1 - /*X (USB) tt, 1. 5 
REM 2Mb/s<DaISri6ff-r^^f^>' i ;r^ • 

2 >-<f ZZ/zy&Mth'fZO*: 

^hiCOl^r, PC 1 4£C&6tt£CD£liJfi^CT3 0 P 

C 1 %V\s4 l PC 1 4ftJ;&r ^ x 

7XftiVL 0M'VESA^»f^7h 10 
(MCCS) *!t§V 1 . 0£U-#-h"r£„ PC US 

X • f^VX (H I D) fflUSB^7X£»ttttV I . 
0, ffiWCjz-lfA^COfw X7*W 1 2#>6PC 1 4 

^GiSLM*r/c«?>cDu s b h i Dmm-r- yM±mv 

&tc&><D\J S B F©/c^ ( Jr-fi* 

• fA^X^US B^WX • ^X^£i|{±|£V 1 . 0 

^^7^£8f±8Vl. 0£^#- hT<5 0 20 
[0 0 3 1] PC^T^- - IEEE 
1 3 94- 1 99 5^1f^ht^ &*5, IEEE1 

3 9 4- 1 99 5«, lGb/s<fcD7v#l»iIg#nJffi 

T&&iftiiK#i^'JTrt> • ^x-c&& 0 co^xs*, 

?&n?*£ 0 IEEE 1 394- 1 99 5lti^ J:^ 

t»rttCtlJBU», IEEE1394-1995^IEE 
E-l 394Xtt*«Cl 3 94ift1"4a PC14t£, 30 
US B^-ZfflmZ^MtffiV 1 . 0St>'VESA^ 

^wwfg^-fe * h (mccs) mmv i . o cD^fl=«c®e 

ot t USB^tf 2^Wt§ a U 
SBWait, fa7'U^«t DDC2-BM 
1 3 9 4£frLXV#-h$tlXbJ:l,\ PC14^D 
DC - 2 B, U S B&tfl 3 9 4f -r X7*WiI{i£^ 

-r&tcttXDM^ZfLZJi&IcZ, 1 3 9 4-f >£:?*-X 

<D*§^ PC 1 4W, US B^>^^ ^-XicDilff £ 40 

PC14«. DDC-2B4>*7*-X£©illi*f6l 

C14ti v 7 s -f X^U-T 1 2**V7 h tfxT*lJfflJ£rlJ-jJ< 

[0 0 3 2 ] PC 1 4 tfA^V-i 1 2 £ G>|ig<E>jIfi 
im£LZ*\1tt£h\t, PCHtt, f^^U>f 12© 



11-16 14 6 0 

20 

sns^a^^iatciatsanri,^. pchu 7^ 

X7'UY 1 2tC£2tftS*lTl>£E D I D7r -OU£DD 

c-Y>^^*-x5&/M^ra*m-r (^d^60) . 

#t>-C, PC14(J, t^XV'W 1 2Qt£Si£ 1 3 9 
4>f>^7^-X^ltIt1*6 ( "7*P y^62) . 
WS»&fES*SWffiofci»^ (7'P7^64) l PC l 
4(*. b 3ti/c|i»^f a 1 2j&»6g# 

U 7^X:/W«p^~lf • -Y>^^x-XS:3B*K 
(:/P*^6 6KK>*6 7) „ 5;&D*&^ PCI 
4«, tmX^'IW 1 2<Dim*U$B<4>*y 
^LtgJfctS (^P^68) . ffi»ttjeS*«W 
BXofc*^ (^D^70) , PC 1 4\tZnZ}\ 1hj«- 
h^txfcSiJSd^-r^X^U-Y 1 2a>6g>RU t'^XT" 

7^66^6 7) c §^<J!>J»^ PC 1 4tt, rwX 
1 2 0^DDC-2 B^>^7*-X*7>0 

(^P-^74) , PCI 4Bff^ h^tl 
6M6 7), §5gCD*S^ PC14H twX^W 

»KBi^.-lf • Y>^7^x«Wct§ (^P7 

^7 6) . 

[0033] f ^7'l/-il 2<7)§&£fJ£tfc#>, VESA 
Kr^7'l/^»|f-^ (ED 1 D) WV3. 0 

L-cf^x^w i 2(cia«$n-cc^o cotsmccj: 
^u—fw >^ - ^tampc tTt ■ v- 

^T'Ali, 7% X:/W 1 2 i©ffifflWc«>a#«r« 
ffit^Ci^^S B EDIDig^ 3 >l. \<D 

3*i& 6 EDIDi®^^ 3 >2. 0te k ^X 

rA - ZL- f-RCJff*^ y^Jb • 7W X^U-TCD/c^CC 
W^JtC^'Jffi^n^o E D I DCD/^-> > 3>2 . 0« 4 r 
^X^Wl 2F^<D^^^^rV * T FWXtC^fiEL/, 
EDID^ 3 >1. IRO'2. 0C05K*^— iBfclf 
h^n^O^oJ^CCTS,, EDIDi®^^3> 
2, O^^-bSn&W^. ^-^a>l. 
m^btoZCLtCiimStittl*. EDIDjfg^a 
>2. Oti, fr^^JW t'ftW>^7^XM 
USBCD^^- b©J;^^iltt©1Sfife€rW'r^7 2 YX^ 
U^tCJ:9«l^n^jlftl©f»«*^. ED I DtSii 
^^3>iEDI Dif^-y3>i«, im — rfcl* 
CifcffiasnW*. EDIDI$^3>3. 0^ 
EDID*iSl. 1^2. 0{c-3tir©tS*Ofc«)# 

[0 0 3 4] PC14tt$fc, USB^ma^7^ 
ttttVl. 0MVESA^»I}^t7h (MC 
CS)««V1. 0©ifticji£ot, USB^ltt 



\ 



(12) 
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Pr^5<t{g^$nr^6 0 ) , (current 
value) £$R£T£c£#r££ 0 CCDtWMiPC 1 4 

tc£*)m^*ti. *-irvmj>Z7 *-z&mm&M 

* ^ • ;x-if • -r>^^x-^ (G 

zftmm&izvb (Mccs)attvi. o«. ?4 7s 20 

17 PCxT^ — (DftltXDy^y h 



&m¥- 1 1-16 14 6 0 
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(DDC/C I ) f±«©fcae>CDSlSiLTfflt^6ti-5 0 

[oo3 5] mifctotf*>'T4Ay'\s<<m'mx pcy 

• #57 4 v ^/cTV^e- V~Q7)\>7s 

fflt^ns. co^-^-f ^-ftijaw, us b*-* wen 

^^8<±^&0*VE S A^~2M0J§^* r (M 

ccs) »bvi. ocD^ccy x hr^^snr&c^c 

TW* • ^ Y X{±1(7)^ fe© U S B ^ - f • ^5 

[a73 









SIMM. ^o^i^ii^ji^^T.^u^co^u^ 

^Sir-/T-^ >^ : 0 0 h=H* I 








^UCD^U ^-A£if ±21*-^ 







[0 03 6] tk8lC*$V2>Tj Z7\sJfflmiZ. PCis 
3>f^-£ • W^o^t, f ItTV^- ft* 



40 



[318] 
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23 24 
2*8 PCy7^-0^<OCRTr^^^K««l 



my* 






skimp. c<o^coia^«x^xyKco^v^ 
















jRffi-feyf-W >^ : 0 0 h 




A£-ttS. 






affile -A 






jRSt^r>( >^ : 0 0 h *Jt*A:. 



















FTP— > • 


i. osD&^gpT&^-ra 

1. OSD£#mT8EK-r* 


»J-> - x-f ^ 
(OSD) t&Jfl 





[0 0 3 8 ] il»D©SlJjWcr)^& 'J * h <D/ctf>. V E S *?W S»fi*#C4S^»Jt»C0/c* i T*S*ttfc C <b 
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pc i 4±wcn6©*ipc»-r5f^- hi*. 

^TSflL^^if, a— If • Y>#7 x-X£«f$LT«i 
£*U M^HJW£^£fv X:/bY 1 2tCUSB^r/rL 
T^£fjfe;f;£gfr e PC14«f^7 , l/'f -t-y^Y 

x-/uy 1 2»s*- K<D/cse>fflc^n^$ija3-fe^7'^ 

[0 03 9] f^7'l/^7D>h • tf'2> • 

^^^^-X-f/^X (HID) iUSB^7^i 
ftavi. OROTSB HI DSfflf-^HiiV 
1. OCCfi£oT«20IT £/ca&tC, USB^ltPCl 

4KMiTJ: J 5j£fi;*ft£ 0 9im<0tcito±x<D*-'yKt) 

£PC 1 4&tj*5t f^X7*U-f 12MPC1 

4#SiI^~~tF • Y>£:7 *-X&«;i£ l^O^Xf' 

so' i Ram«^ni^<Du s b zxtevtumh 

-Y 1 2». PC 1 4CC^6US Emm-fi;*? 



(14) «fH}¥ 1 1-16 14 6 0 

26 

T*#& 0 PC 14if ^7'U-f(D#^> • 
{fc£ft£ 0 t^-v> • • fA*>fX (H 

iD)fflusB^7^aftivi. ote^mmazsE 

x<£>/c#>cc. c^noiRxaRF^Ph^^i^ 
Co 04 0] Pc^r^-WWit:, ^lofcfcw 

SA^JWSPC 1 4±XV#- Cti6coa 
-tf«lfaiCC*ff SlfxK- hi*, Cft£©fflfflI*USB£ 
^•Or«W!R0, USB HlBftif-^HtSV 

^7x-x«U *iMccrtSlJWfcjcBSrs*\ XIX 

20 ^tf„ pc i Aumwomm^- K^tu-*- 

siotcy^hr^ tifcSJiSJ^p c i 4 tc <t 

[*10] 



^10 HI DCOfc&CD-rV X^U-f ■ h 







5^ y 7 h 0 ~ 9 










7*v ^/^OV^^-T^lg^:^^^^^ 




^Ut>^X^A-/^-<D&V^<h£ft££: 








^>f/HX«r^X7 P Kc?)^< > - * - 






^ — ;x' — 

7 * 





[0 04 1] VES Ayw X7*b^ • 
tB (DPMS) m&V 1. 0af^7WY12JCW 

§ is ^ e «7 - tfceo*^ b nx s DPMstipc i 

fflTT DPMSOt-Flt X£ 

>K^V, «M7^7-Y7't7-C*6 a 7k¥0»ii 

1 2te5^£&t7^fw :7T'*>l*ffi{C*£ 0 f-fX^l/ 

F^^YWBficAS. C©*-Kt?B, x^»;->«^^ 



50 



^fW^0££r&& o f ^T'l/-/^^ 7K¥IB)^ 

7«ir». ^raffls^erawcD^rti^T^^Y 

« % 7^P2>FP-7, USB^>^7^-^ 
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1 2«*>tt»CcA4. 



(15) 

* * [$11] 

ail DPMSt- K 



ftffl¥ 1 1-16 14 6 0 
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(mandatory) 
























*7 











[0 04 2 1 COifeBSmm PC14(1 4 
^DPMSW(D^(^> ( X#>F'W. *W. 
&UT#<r47*y') T*. PC14« k E 

D I D^-*** 5 * X:/U-f 1 2*>*>^WU 1ftf-F 

F*r£ft:#ra*?w • ?j zy'isjtmb 

r 4 TMDS3lfia^r©DPMS^- KfC*fbT^ 
->t7$tl5Ci^l/^ 0 f^X^Wtt, DP 
MS^rK- H£|^«tt:»gVr& 0 if*- F<D&/J\U^;l/ 
£^*&ft:#>, f^7'l/^12«, fcft:2o<Z>*- 

K. «£&T*^-f *-K£ffi'<7- 

F£#tf. O&LK&tb. ?4 Ay % U<4lC£ZD 

[0 04 3 1 f^7'l/^ 1 2ttSiffl5JW^>£ j e- 

- • FTii, ? n> h • ^^;H©A7-LED^ 

r<c7(D££-C&*> a USBffSVl. im USB 

^12 fcf-x* • 



10 • r^XtiW 5 >^ff#©l»-r^*^«H*fr*5 
*»Xtt*lS*"C*S»^, IS'*?-**,!:**. OS D*s 

wa s^s^cc iifiT & fc #>fli t > 6 n & c t tm $ b 

[0 044] PCisTZ-O)? a 7»7\s4 1 2MPC 
14tt, T VRC^P C©2 oOKffft- K^^- F t 

(CctfJU^^n, TV*- Ktt. TVfc'fWc 
20 zb<Dm.&<D&Mc<kZ>m7F$ft&<, &W]<DVr* • x> 

^ I^hl/^, RO'^U^^jl (flesh) • h-> 
1TiE~C&6 0 VESA^^lWM-fe^ F (MCC 
S) fflt&V 1 . OKfctt&St^;*- KttflWPC 1 4 CC 

*50"Cffiffi^ffiCC-rSCi3&s-C#&. ^12« t PC 1 
30 4if^7 , uY 1 2 iconic J: h£ft/c« 

mm^t:-?* • *- F£^A/ct>£, 

[$12] 





(kHz) 


mum&m 

(Hz) 




6 4 0X350 


3 1.5 


7 0 




6 4 0X400 


3 1.5 


7 0 




7 2 0X400 


3 1.5 


7 0 




6 4 0X480 


3 1.5 


5 9. 9 5, 

6 0 




7 2 0X480 


3 1.5 


5 9.94 


VESA 
(«fg+) 



[ o o 4 5 ] $ i 2 cc y x F r * fttc tr^tf • *- 

KteJUJAT. HI 3(cyx f-777'3n/ii^ • 
F©1f#- hfc£/c, PC IsT Z-CDPC 1 4R2> , 7 1 ^ 



[$13] 
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(16) 

1 3 MflOOO If j** ' H 



KRJ^ 1 1-16 14 6 0 
30 





^M&ft (Hz) 




6 4 0X480 


7 2, 7 5, 8 5 


VESA 


7 2 0X576 
(P ALit#— b\Z%i 
It) 


5 0 


I EC 1 14 6 

1 TU-Rl/#-h6 

2 4~4 


8 0 0X600 


5 9. 9 4, 6 0, 
7 2, 7 5, 8 5 


VESA 


1024X768 


5 9. 9 4, 6 0, 
7 0, 7 5, 8 5 


VESA 


1280X1024 


5 9. 9 4, 6 0, 
7 5, 8 5 


VESA 



[0 04 6] ?*^*;l/TVlN*-h*flH»SCi#. 
PC^T*-©PC 1 4St>r^7*U^ 1 2 t<DWl 

1 3«C!/* FT'^^nfct'ft • *-F«C 

3 0 VE SAf^^-T • • 20 

tt»(DMTS)^a>l. 7, 1 9 9 6^12^ 
18 0; HDTveifflf^ • fl/b'^3>a 
♦8, ATSC A/5 3, 1 9 9 5^ ; HDTVfeiiffl 
fv^^^'fl/t^a^Ift, ATSC A/5 4. 
1 9 9 5*£<Dteffl*7V K ; t&d&MRlFlr - yjWDtttb 
tOVXfASfBffi^a^AATSC A/65, 19 
97?; X^^^CDfc^c^Ill^^n^^A^CD/cct* 
©HDTV«»-i2^^3>l 1A-$MW7-' 

tf^a >ffli/XfAOjftt, ITU-R BT. 7 
0 9, 1 9 9 0^©fc«E)©S*/S^y-^ffi ; HSlf-U 30 

a (NT SC) , ITU-RU*-h 

624-4, 1 9 9 ; RVPAL (ffltfHX*^ 
» , fc^*-*^ (PAL/SECAM/NTS 
C) -fflEtfffi-X- r 1 : fe>t^ • 

5, flJIK, I EC 1 1 46, 1 TU-RU^-h62 4 
-4,1 9 94^e o 

[0 04 7] PCI 4&0'f^ 1 2#, fll^ES 

SOWS % WH$ Kf Jhr £ fc#>«fl££r*=ffl T 5 c £ # 

fU^3>-^^-mtS«^ ( PC14«C<D 40 
Picture-In a-Picture) (PIP) m&*5-Z-2>Ctft 

-^KiSO, VESA^»!^-;h (MCC 

s) wvi. occ&tf£ rm^v-^iiiRi j *JSP£ 

^JU^/rLTPC 1 4WH6ft£ 0 PC14SO'f^ 50 



?W 1 2t*£/c, PC 1 4#7 r 

* 1 2£$ljfrf 3©£^tfeCCT6US B-rUtr^a> • 

ffllOfcof), ^i**^ • PC 1 4JCj:^IBti$ 

-Yl 2teJ8jRS*i£»£, PC14tt. VESA^^ 

iWWJB^-fe^h (MCCS)MVi. Ofcfews rta 

[0 04 8] PCI 4&l>*tw TsWA 1 2 «, S?R§ 
tlZffi— /J^HtS (price-point) StffMBCOEOr^ 

u>c i 2 cr>*- - t^tAit gi^ire^tr^fetf) 
msi88 2«, f^^^^fisssoKrc 



«S8 2(D-SBr*a£5^3*vti>a. fMffl«^«s 

8 2 5*, ^-fw 3fii*IS8 8 tCUSB^ 9 0 <fc 9 

#9 2M6Xt'"-^9 4^3ntl^ 0 
[0 04 9] fRIS|tig?-ffig 8 2 A^m-^^rWffll^* 
;b9 B*p6»*B»K ^bT, A^&^m^m-^WUS 

•C, iUSB^7'86it IWP&D^^^^32X 
&3 4fcUSBRc>'D DC ^ 9 8£/tbT 
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-r>^7x^ioo^bt ( pc 1 4^e>iijg§tt 

ZsTsTJ* 1 0 2ftdA/tX»4„ iA/V^^fAl 
0 2«, P&D:a***30K:A/V l 
0 6^lT^3ntl^ o PC14IJJfc^-|«U 
S B^:/ 1 0 8 RjU- hUS B^-r 1 0 8 

h 1 1 2$C*S£3*l 

[0 05 0]H8^^5<fc^(C % »lCD*fi£0C*5l^ 
t, PCI 4te#©«te*-F#~ hT5„ 

• USB (1 2Mb/s) 

• * (US BSt>'7tn^) 

PCUttifc, 12Mb/sUSB«|(D/ci60[)Jl/- 
hUSB^^l h^xrW- 
PCUtt, iPCl 4{c<fc£f r -f 120V7 
h V ^TMWKDtcdh<D USB*- ZmW? 7 Xf±j$ V 
1. OMVESA^^IM^t^h (MCCS) 

*u-<iwr&o •? j xy'uj i 2<Dc<DfflWtt, if* 

If • -Y>£:7 x-X^^Ci^O. PC14ti£ 
fc, fc^-v>-^>^y x -X - -rv^X (HID) 
fflUSB^7^Ei(±fiVl, 06, f^7'l,>fl2 

^6 pc i 4( l cmm*?&3.-*rAJd<Dmm<Dtc&<Dus 

B HI Diffir-^WtlVl. OiW-ht 
&o SCC, PC14(t * — 5rw *&&M'?Z>tc&><D\J 
SBOW- t-f^-f/WXffiUSB 

V 1 . 0 4lf#- S. 

[0 0 5 1 ] tf—fw tfteBflLr, PC 1 4«. <r a * 
1 2CTltUSBM7tq^- X^U* * * 

&C*tGT, PC 1 AU S $tm&<Dm& \ 6^7h'^f- 
♦ ^-^^^^"r^^^Lx-YCCUSB^r/rLT, * 

7^£8f±av i . occfi^-c p 

C 1 411, «flj(c v CO«fiB*ifiBflHBIffitC3nSHjCCU 

s b * - r a * My # - h 3 n & & fern? & tc 

f^7'l/Y 1 2Ccni^t>'&5. PCUM/c 
• *-7W * • v 9X:$>t)m PC14I1 



:i7) IfBB^p 1 1-16 14 6 0 
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i. octffcor, usB^rtP^-t-f^^ 

^**t*gg8 8*ftlJfflI-rS B PC©A/Vf^fA 
10 2it PCMTV^eft ■ V-^M^M. 
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1« Title of Invention PC Interconnection 

2 . Claims 

1. An interconnection between a display and a computer, the interconnection 
comprising: 



an audio/video input adapted to receive audio signals and video signals; 

an audio/video signal processor coupled to the audio/video input for processing the 
audio signals and the video signals; 

an analog/digital plug and display connector coupled to the audio/video signal 

processor and adapted to be coupled to the display, the analog/digital plug and 
display connector adapted to transmit tie audio signals and the video signals 
to the display; 



a universal serial bus hub coupled to the analog/digital plug and display connector; 
and 



serial bus port coupled to the universal serial bus hub 
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2, The interconnection, as set forth in claim 1 , wherein the signal processor 
comprises: 

4 

a tuner coupled to the audio/video input to receive the audio signals and the video 
signals; and 

an audio/video subsystem coupled to the toner to process the audio signals and the 
video signals. 

3. The interconnection, as set forth in claim 2, wherein the audio/video 
subsystem is coupled to the analog/digital plug and display connector. 



4. An interconnection between a display and a computer, the interconnection 
comprising: 



an audio/video input adapted to receive audio signals and video signals; 



an audio/video signal processor coupled to the audio/video input for processing the 
audio signals and the video signals; 



an analog or digital plug and display connector coupled to the audio/video signal 

processor and adapted to be coupled to the computer, the analog or digital plug 
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and display connector adapted to transmit the audi signals and the video 
signals to the computer; 



a universal serial bus hub coupled to the analog or digital plug and display connector; 
and _ 

a universal serial bus port coupled to the universal serial bus hub. 

5. The inter co nnec t ion, as set forth in claim 4, wherein the signal processor 
comprises: 

an audio/video subsystem coupled to the audio/video input to receive the audio 
signals and the video signals; and 

control electronics coupled to the audio/video subsystem to process the audio signals 
and the video signals received from the audio/video subsystem. 

6. The interconnection, as set forth in claim 5, wherein the signal processor 
further comprises: 

a tuner coupled to the audio/video electronics and to the control electronics, the tuner 
receiving audio and video signals delivered to the control electronics from the 
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computer and delivering the audi and video signals to the audio/video 
electronics. 



7. The interconnection, as set forth in claim 5, wherein the audio/video 
subsystem is coupled to the universal serial bus hub. 



8. APCTheatre system comprising: 



a video display having a first plug and display connector coupled thereto; 

a computer having a second plug and display connector coupled thereto, the first plug 
and display connector being connectabk to the second plug and display 
connector; 



at least one of the video display and the computer comprising an audio/video input 
adapted to receive audio signals and video signals; and 

at least one of the video display and the computer comprising an audio/video signal 

processor coupled to the audio/video input for processing the audio signals and 
the video signals, wherein the audio signals and the video signals are 
traiisnutted between the video display and the computer via the respective plug 
and display connectors. 



♦ 

» 
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9. The system, as set forth in claim 8, wherein the audio/video signal processor 
comprises: 

a tuner coupled to the audio/video input to receive the audio signals and the video 
signals; and 

an audio/video subsystem coupled to the tuner to process the audio signals and the 
video signals. 

10. The system, as set forth in claim 9, wherein the audio/video subsystem is 
coupled to the second plug and display connector. 

1 1 . The system, as set forth in claim 8, wherein the signal processor comprises: 

an audio/video subsystem coupled to the audio/video input to receive the audio 
signals and the video signals; and 

control electronics coupled to the audio/video subsystem to process the audio signals 
and the video signals received from the audio/video subsystem. 



« 
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12. The system, as set forth in claim 11, wherein the signal processor further 
comprises: 



a tuner coupled to the audio/video electronics and to the control electronics, the tuner 
receiving audio and video signals delivered to the control electronics from the 
computer and delivering the audio and video signals to the audio/video 
electronics. 



13. Trie system, as set forth in claim 1 i 5 wherein the audio/video subsystem is 
coupled to the universal serial bus hub. 



14. The system, as set forth in claim 8, wherein the first plug and display 
connector comprises an analog plug and display connector 



15. The system, as set forth in claim 8, wherein the first plug and display 
connector comprises a digital plug and display connector. 



10. me system, as set forth in claim 8, wherein the second plug and display 
connector comprises an analog/digital plug and display connector. 
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17. In a PC Theatre system comprising a video display and a computer, at least 
one of the video display and the computer comprising an audio/video input adapted to receive 
audio signals and video signals, and at least one of the video display and the computer 
comprising an audio/video signal processor coupled to the audio/video input for processing 
the audio signals and the video signals, wherein the improvement comprises: 

a first plug and display connector coupled to the video display and a second plug and 
display connector coupled to the computer, the first plug and display connector 
being connectable to the second plug and display connector to transmit the 
audio signals and the video signals between the video display and the 
computer. 

1 8. The system, as set forth in claim 1 7, wherein the first plug and display 
connector comprises an analog plug and display connector. 

1 9. The system, as set forth in claim I 7, wherein the first plug and display 
connector comprises a digital plug and display connector. 

20. The system, as set forth in claim 17, wherein the second plug and display 
connector comprises an analog/digital plug and display connector. 
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21. An interconnection between a display and a computer, the interconnection 



comprising: 



an audio/video input device adapted to receive audio signals and video signals from 
the computer; _ 



an audio/video signal processor coupled to the audio/video input device for processing 
the audio signals and the video signals; 

an enhanced video connector coupled to the audio/video signal processor and adapted 
to be coupled to the display, the enhanced video connector adapted to transmit 
the audio signals and the video signals ta the display; 

a universal serial bus hub coupled to the enhanced video connector, and 



a universal serial bus port coupled to the universal serial bus hub. 
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3 . Detailed Description of Invention 



Hub non-provisional application is related to provisional application serial no. 
(50/054,61 6, filed on August 4, 1997, the entirety of which is hereby incorporated by reference. 



The present invention relates generally to devices with multiple functional modalities 
and, in particular, to the interconnectiviry of various elements of such devices. 

With the advent of multi-media devices, the integration of information, entertainment, 
and communications technologies has become a much sought-after goal. A highly visible 
example of this trend is the attempt to integrate computer technologies, such as personal 
computers for example, with consumer/home electronics technologies, such as televisions (TV), 
video games, telephones, and video/laser discs for example. One of the likely products of this 
convergence may be a single integrated device capable of providing information, entertainment, 
and cormnunicatioiis functions. Such a device may, at least in part, utilize the available 
communications bandwidth, mass storage, and graphics handling capabilities of the personal 
computer (PC) in a variety of applications to provide a highly versatile product to consumers. 

In spite of many recent advances in the area of multi-media, several problems persist. 
One of the more significant difficulties relates to interconnecting a computer with one or more 
consumer/home electronic devices. In an integrated device of this land, the interconnection 



(34) 11-16 14 6 0 

between these various functional elements of the multi media device should permit a user to 
control the modes of "functionalities" in a manner that facilitates a seamless transition from one 
functionality to another. While snch controlled interconnect vity may be relatively simple to 
realize in a multi-media device designed and manufactured by a single manufacturer, it would 
undoubtedly become an exceedingly complex, if not impossible, task to provide such 
interconnectivity among different functional elements provided by different manufacturers. 

Of the new generation of multi-media products, the one of most interest will likely be 
the convergence of the TV and PC to create a new category of entertainment products. These 
products will give the consumer more entertainment options by combining the features of a 
PC and TV in a truly converged environment that is as easy to use as a standard TV. The 
computing power of a properly adapted computer, called a PC Theatre system, coupled with a 
large-screen display make this an excellent Irving room platform for digital and interactive 
services that are available now, and new services that will be available in the future. 

As Ihis new product category grows, consumer electronics (CE) companies are likely 
to include monitor functionality in their TVs. At the same time, PC manufacturers are likely 
to add TV ftinctionality to their computers. This increased functionality in both the TV and 
PC greatly increases the value to the consumer. 

However, as alluded to above, since there are no standards for this new product 
category, products from different manufacturers will be incompatible. Standard 
interconneclivity should facilitate consumer confidence in this new product, as well as growth 
of this new product category. Such standard interconnectivity will allow companies from 
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both industries to develop compatible PC Theatre products so that the consumer will be able 
to select a display and a PC from different manufacturers and use them together as a system 
without the need for custom cables and complicated setup procedures. fa addition, the PC 
Theatre standards should he compatible with existing standards so PC Theatre displays and 
computers may be used with standard products. 

The present invention may address one or more of the problems discussed above. 

Certain aspects commensurate in scope with the originally claimed invention are set 
forth below. It should be understood that these aspects are presented merely to provide the 
reader with a brief summary of certain forms the invention might take and that these aspects 
are not intended to limit the scope of the invention. Indeed, the invention may encompass a 
variety of aspects that may not he set forth below. 

In accordance with one aspect of the present invention, there is provided an 
interconnection between a display and a computer. The interconnection includes an 
audio/video input adapted to receive audio signals and video signals. An audio/video signal 
processor is coupled to the audio/video input for processing the audio signals and the video 
Signals. An analog/digital plug and display connector is coupled to the audio/video signal 
processor and is adapted to be coupled to the display. The analog/digital plug and display 
connector is adapted to transmit the audio signals and the video signals to the display. A 
universal serial bus hub is coupled to the analog/digital plug and display connector. A 
universal serial bus port is coupled to the universal serial bus hub. 



la accordance with another aspect of the present invention, there is provided an 
interconnection between a display and a computer. The interconnection includes an 
audio/video input adapted to receive audio signals and video signals. An audio/video signal 
processor is coupled to the audio/video input for processing the audio signals and the video 
signals. An analog or digital plug and display connects is coupled to the audio/video signal 
processor and is adapted to be coupled to the computer. The analog or digital plug and 
display connector is adapted to transmit die audio signals and the video signals to the 
computer. A universal serial bus hub is coupled to the analog or digital plug and display 
connector. A universal serial bus port is coupled to the universal serial bus hub. 

In accordance with still another aspect of the present invention, there is provided a PC 
Theatre system that includes a video display having a first plug and display connector 
coupled thereto. A computer has a second plug and display connector coupled thereto. The 
first plug and display connector is correctable to the second plug and display connector. At 
least one of the video display and the computer includes an audio/video input adapted to 
receive audio signals and video signals. At least one of the video display and the computer 
includes an audio/video signal processor coupled to the audio/video input for processing the 
audio signals and the video signals. The audio signals and the video signals are transmitted 
between the video display and the computer via the respective plug and display connectors. 

In accordance with yet another aspect of the present invention, there is provided, in a 
PC Theatre system that includes a video display and a computer, where at least one of the 
video display and the computer includes an audio/video input adapted to receive audio signals 
and video signals, and where at least one of the video display and the computer includes an 
audio/video signal processor coupled to the audio /video input for processing the audio signals 
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and the video signals, an improvement that includes a first plug and display connector 
coupled to the video display and a second plug and display connector coupled to the 
computer. The first plug and display connector is connectable to the second plug and display 
connector to transmit the audio signals and the video signals between the video display and 
the computer. _ 

In accordance with a further aspect of the present invention, there is provided an 
interconnection between a display and a computer. The interconnection includes an 
audio/video input device adapted to receive audio signals and video signals from the 
computer. An audio/video signal processor is coupled to the audio/video input device for 
processing the audio signals and the video signals. An enhanced video connector is coupled 
to the audio/video signal processor and is adapted to be coupled to the display. The enhanced 
video connector is adapted to transmit the audio signals and the video signals to the display. 
A universal serial bus hub is coupled to the enhanced video connector. A universal serial bus 
port is coupled to the universal serial bus hub. 

This specification refers to the following documents: 
VESA Display Data Channel (DDC) Standard, Version 3.0, September 15, 1997; 
VESA Extended Display Identification (EDID) Standard, Version 3.0, November 13, 1997- 
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VESA Monitor Control Command Set (MCCS) Standard, V 1 .0; 

VESA Display Power Management Signaling (DPMS) Standard Version 1.1, Augusts, 
1993; 



VESA Plug and Display (P&D) Standard, Version To, June 11, 1997; 



VESA Display Monitor Timing Specifications (DMTS), Version 1.7, December 18, 1996; 
Universal Serial Bus Specification, Version 1.0, January 15, 1996; 

USB Class Definition for Human Interface Devices (HID) Specification, Version 1.0, 
December 12, 1996; 



Universal Serial Bus (USB) Monitor Controi Class Specfication, Version 1.0, January 5, 
1998; 



Universal Serial Bus Device Class Definition fox Audio Devices, Version 1.0, March 18, 
1998; 



Unheal Serial Bus Device Class Definition for Audio Data Formats, Version 1 .0, March 
18, 1998; 



Universal Serial Bus HID Usage Tables, Version 1.0, October 30, 1997; and 
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[EEE Standard for a High Performance Serial Bus, 1 394- 1 99S. 



Before discussing the drawings specifically, it should be recognized that as the PC and 
TV converge, a new product category will he created. The VESA PC Theatre 
Interconnect! vity architecture described herein allows both Personal Computer and Consumer 
Electronics companies to develop products that arc compatible, self configuring, work 
together as a single system, and are easy to use. The primary focus of this specification is the 
interface between the PC (and simple computing device such as a set-top box} and the large- 
screen display. 

This specification discusses a PC Theatre Interconnectivity (PCTI) architecture that 
allows PC and CE manufacturers to produce PC Theatre computer and display products that 
are compatible and support automatic configuration. The PCTI architcaure has been created 
using existing VESA and USB standards as building blocks to support identification of the 
display by the PC, bi-directional communication* display control by the PC, sharing of the 
display's resources by the PC, and transportation of audio and video between the display and 
PC. 

When the display is in stand-alone mode, product features such as channel mapping 
and government mandated features such as Gosed Caption Decoding and V-Chip will be 
implemented and controlled by the display's internal controller. When the display is in slave- 
mode and the PC has complete control of the tuner and stores the channel map, the host 
computing device and application software will be responsible for the channel mapping, 
Closed Caption Decoding, and V-Chip requirements. 
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PC Theatre is a consumer entertainment system that merges computing and tradition 
forms of media and entertainment content. This system combines the features of a TV and s 
multimedia PC, delivering more entertainment options in a truly converged environment 
The consumer may watch TV, use foe PC, or do both at the same time. 

Turning now to the drawings, and referring initially to Fig. 1, a PC Theatre system is 
illustrated and generally designated by the reference numeral 1 0. The system 10 includes tw 
main parts - a display 1 2 and a computing device, such as a personal computer (PC) 14. Th 
system 10 also includes one or more video sources 16 and 1 8. As illustrated, one set of vide* 
sources 1 6 may be coupled to the PC 14, and another set of video sources 1 8 may be coupled 
directly to the display 12. The PCTI standard is primarily concerned with the interface 
between the PC 14 and display 1 2. 

The display 1 2 may have the same functionality as a standard VGA monitor with 
enhancements for displaying TV video. Optionally, the display 12 may also have all the 
functionality of a stand -alone TV, including the capability to display standard interlaced TV 
video. A remote control 20 may be included in the system 10 for delivering control signals tc 
an infrared sensor (not shown) on the display 12. 

The PC 14 may be a typical multimedia system with USB support and a video 
subsystem capable of combining PC and TV video from the video sources 1 6. The PC 14 
may also include IEEE 1394-1995 functionality. In addition, a remote control 22 may be 
included in the system 10 for delivering the control signals to an radio frequency sensor (not 
shown) or to an infrared sensor (not shown) on the PC 14. Also, the system 10 may include a 
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keyboard 24, that may be coupled to the PC 14 via a standard cable connection or via a 
standard RF link. 

The intcrcormectivity between the PC Theatre system PC 14 and the display 12 will 
now be described in greater detail. This interconnectivity is defined using existing VESA and 
USB standards as building blocks to support identification of the display 12 by the PC 14, bi- 
directional communication, display control by the PC, sharing of the display's resources by 
the PC 14, and transport of audio and video between the display 12 and PC 14. 

The key points of the PC Theatre interface are as follows: 

• The PC 14 and display 12 are connected using VESA Plug and Display 
(P&D) Standard VI .0 connectors, as illustrated in Figs. 2-4. 

• The PC 14 drives the display 1 2 with a standard RGB or TMDS video 
signal. 

• The PC 14 and display 12 supporrrwo different viewing modes: one ~ 
configured for the display of PC graphics, and the other configured for the 
display of TV video. 



♦ The PC 1 4 and display 1 2 support at least 4S0 active lines per frame of 
progressively scanned video. 
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• The PC 14 and display 12 support VESA Display Data Channel (DDQ 
V3.0 and Extended Display Identification Data (EDID) V3.0 Standards for 
identification of the display's capabilities. 



• The PC 14 and display 12 support VESA Display Power Management 
Signaling (DPMS) Standard VI . 1 for PC control of the displays power state. 

• The PC 14 and display 1 2 support the USB Monitor Control Class 
Specification Vl.O and VESA Monitor Control Command Set (MCCS) 
Standard (proposal) for software control of the display by the PC. 

- The display 12 and PC 14 use separate analog audio cables to transport 
stereo audio from the PC 14 to the display 12 and optionally from the display 
12 to the PC 14. The PC 14 also supports the USB Device Class Definition 
for Audio Devices specification Vl.O and USB Device Class Definition for 
Audio Data Formats specification VI .0 for the support of USB audio. 

• All user input (remote, keyboard, gamepads, display front button panel) is 
passed from me display 12 to the PC 14 for processing (when the display is in 
a slave mode) over USB according to me USB Class Definition for Human 
Interlace Devices (HID) specification Vl.O, and the USB HID Usage Tables 
specification VI .0. The display 1 2 may also support a stand-alone mode 
where user input is processed internally. 
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The VESA P&D Standard VI .0 combines many signals into one connector with 
support for digital displays (TMDS), analog displays (RGB), IEEE-1394, USB, and DDC. 
The main advantages of this connector are virtually any type of display can be supported and 
all required signals for PC Theatre can be supported. Thus, only one cable is used between 
the PC 14 and display 12. It should also be noted that other connectors, such as those 
supporting the VESA Enhanced Video Connector Standard, may also be used. In feet, the 
EVC connector has been redesignated as a P&D-A connector. 



The P&D connector supports the following signals: 

. Standard analog video signals (RGB, H & V sync) for support of analog 
displays. 



• Transmission Minimized Digital Signaling (TMDS) video for support of 
digital displays. 



• IEEE 1394-1995 pair for support of digital video and audio paths to and 
from the display. 



» USB, 12 Mb/s for support of PC control of the display, sending user input 
ftotn the display to the PC, and audio paths to and from the display. 



• DDC2B for identification of the display's capabilities. 
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The PC Theatre PC 14 supports the P&D-A/D (analog/digital) connector 30 illustrated 
in Fig. 2. The display 1 2 supports either the P&D-A (analog) connector 32, illustrated in Fig. 
3, or the P&D-D (digital) connector 34, illustrated in Fig. 4. The P&D-A/D connector 30 is 
capable of receiving and transmitting both analog and digital signals, depending upon the 
type of monitor being used as the display 12. The P&D-A connector 32 is used -on analog 
monitors, and the P&D-D connector 34 is used on digital monitors. It should be noted that 
the connector 32 shown m Fig. 3 is the P&D-A receptacle and no! the plug that is used for the 
monitor cable. Similarly, it should be noted that the connector 34 shown in Fig. 4 is the 
P&D-D receptacle and not the plug that is used for the monitor cable. Furthermore, although 
PC Theatre products should support this P&D standard, if the display 12 or the PC 14 does 
not use a P&D connector, an adapter cable may be included that combines the supported 
signals into a P&D connector. 

As mentioned above, the P&D-A/D connector 30 on the PC 14 supports both the 
P&D-A connector 32 and P&D-D connector 34. Figure 5 explains the interaction between 
the different connectors in the P&D family, where the blacked-out contacts illustrate the 
active signal paths in the respective connectors. It should be noted that the connectors 32 and 
34 illustrated in Fig. 5 are shown as the plug versions of the respective connector, while the 
connector 30 is shown as the receptacle version of the connector. As can be clearly seen, 
either the analog connector 32 or the digital connector 34 may be plugged into the connector 
30. 



Now that the basic elements of ihe system 10 have been described, along with the 
preferred connectors that couple these elements together, attention may now be drawn to the 



# 
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mterconiicctivity signals used to provide PCTh^ a 

prov,de PC Theatre functionality. The PC Theatre PC 14. 

supports the signal interfaces and connectors listed be low in Tablo 1 . 



SIGNAL 




Stereo Analog 
Audio Output 



Stereo Analog 
Audio Input 



Composite Input 



Stereo 3.5 mznjacTl Stereo ^o^i^T^^ 

tyuiowj a S-video connector may be substituted 

'fan adapter for Composite video I 



I a vj ^umposiie video 

Table 1 - PC aiana , ,„ teffa J^ffi Ef^gEEji£lw^^ 
NOTF- rrrt, o.r^ 9 " 1te, »ceB and Connectors 

SSu£ fc C ~ » - L « «D adapter nuy be ^ ^ 



Hie PC "Theatre display J2 SUR>orts ^ ^ 
in Table 2. 



interfaces and connectors listed below 



SIGNAL 



RGB (H&vlync) [p&D 
orTMDS 

USB 



P&D 



DDC 



Stereo Analog 
Audio Input 



Two RCA jacks 



^^^^ 



Control ot display, return of user inpu^ 
aod optional auA'n ^ rrnrt 



For EDiU s^rt to j dcn 7^T^r r ^ r 
Stereo analog audio input 



Tab,e 2 ~ D,sp '^ '^^r^Tc^c^; 



t 
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The diagram in Fig. 6 shows the PC Theatre communication interface 35 between the 
PC 14 and display 12, as well as inputs which may be received by the display 12 and the PC 
14. The display 12 and the PC 14 may receive baseband or modulated audio/video (A/V) 
inputs at 36 and 38, respectively, from sources 1 6 or 18, for instance. The display 12 and the 
PC 14 may also receive input signals from an additional input device 40, which may include 
one or more devices, such as a keyboard, mouse, remote control, joystick, etc. En regard to 
the signal interfaces, the user input and command signals are transmitted on USB lines 42 and 
44, the digital graphic display signals are transmitted on a TDMS line 46, the analog graphic 
display signals are transmitted on an RGB line 48, the display identification signals are 
transmitted on a line 50, the baseband video input signals are transmitted on a line 52, and the 
audio output and input signals are transmitted on lines 54 end 56, respectively. 

The individual P&D signals in the following Tables are used for PC Theatre 
functionality. The signals for the PC 14 support both digital and analog displays. The signals 
for the display 12 are difFcrent depending on the type of display. 

The PC 14 supports the individual signals listed in Table 3 for the P&D-A/D 
connector 30. 
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SIGNAL 


1 


TMDS Data2 + 


2 


TMDS Data! - 


3 


TMDS Data2 Return 


4 


bync return 


5 


Horizontal sync (TTL) 


6 


Vertical sync (TTL) 


7 


TMDS Clock Return 


8 


Hot Plug Detection (+5 VDC input) 


11 


TMDS Data! + 


12 


TMDS Datal - 


13 


TMDS Data! Return 


14 


TMDS Clock + 


15 


TMDS Clock - 


16 


USB data + 


17 


USB data- 


18 


USB/1394 common mode shield 


21 J 


TMDS DataO + 


22 


TMDS DataO - 


23 


TMDS DataO Return 


25 


DDC return 


26 


DDC data f SDA) 


27 


DDC clock (SCL) 


28 


+5 VDC (output) 


CI 


Red Video 


C2 


Green Video 


C4 


Blue Video 1 


C5 


Video Return 



Table 3 - System PC P&D-A/D Connector Signals 



An analog display 12 supports the individual signals listed in Table 4 for the P&D-A 
connector 32. It should be noted that the analog audio and S- video paths specified in the 
original EVC specification are not supported with the P&D-A version of the connector. 



• 
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PIN 


SIGNAL 


4 


Svnr r^tiitri 
l3_JllV I CIUII1 


s 


nui lxAJiitui ay i it, y i ikj) 


A 
U 




8 


Hot Pine Detection M-5VT)C outmit tn disnlavl 


16 


USB data + 


17 


USB data - 


IS 


USB/1394 common mode shield 


25 


DDC return ~ 


26 


DDC data (SDA)- 


27 


DDC clock (SCL) 


2$ 


+ 5V DC (input to display) 


CI 


Red Video J 


C2 


Green Video I 


C4 


Blue Video 


C5 


Video Return 



Table 4 - Analog Display P&D-A Signals 



The digital display 12 supports the individual signals listed in Table 5 for the P&D-D 
connector 34. 
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SIGNAL 


1 


TMDS Data2 + 


2 


TMDS Data2 - 


3 


TMDS Data2 Return 


7 


TMDS Clock Return 


8 


Hot Plug Detection (+5VDC output to PC) 


11 


TMDS Datal + 


12 . 


TMDS Datal - ~1 


13 


TMDS Datal Return 


14 


TMDS Clock + 


15 


TMDS Clock - 


16 


USB data + 


17 


USB data - 


18 


USB/1 3 94 common mode shield 


21 


TMDS DataO + 


22 


TMDS DataO - 


23 


TMDS DataO Return 


25 


DDC return 


26 


DDC data (SUA) 


27 


DDC clock (SCL) 


28 


+ 5V DC (Input to display) 



Table 5 - Digital Display P&D-D Connector Signals 



The display 12 and the PC 14 may also support the signals in Table 6. These signals 
are recommended to support IEEE 1394-1 995 for the transportation of digital audio and 
video. 



PIN 


SIUNAI, 


9 


1394 TPA* 


10 


1394 TPA 


19 


1394 Vg 


20 


1394 Vn 


29 


1394 TPB 


30 


1394 TPB* 



Table 6 - Additional Signals for PC and Display 
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In addition to the signal support for the P&D connectors, the PC 14 also provides 
support for separate analog audio and video connectors. The following specifications may 
apply for analog audio support : 

1 . Source impedance - IK ohm maximum. 

2. Load impedance - 10K ohm minimum, 

3. Amplitude - 2V RMS maximum, 0.5V RMS nominal 

The PC 14 may also support a line-level stereo analog audio output on a 3.5 mm 
stereo jack using standard pin assignments. This audio output connector is used to support a 
separate analog audio cable to drive the audio amplifier in the display 12. In addition, the PC 
14 may also support a line-level stereo audio input on a second 3.5 mm stereo jack using 
standard pin assignments. This audio input connector is used to support a separate audio 
cable for input of audio. The PC 14 may further support a Composite video connector for 
Composite video input A S-video connector may be substituted for the Composite connector 
if an adapter is provided for a Composite video support 

The display 12 supports a line-level stereo analog audio input on two RCA jacks. Ia 
addition, if video output to the PC 14 is supported, the display 12 may also support two RCA 
jacks for audio output and a composite video connector for video output. 

Referring again to the communication interface 35 illustrated in Fig. 6, this interface 
is used by the PC 14 to identify and control the display 12. As mentioned previously, the 
interface 35 is implemented using DDC-2B and USB communication links. The VESA 
DDC-2B standard is a simple interface that is based on the 12C bus. This interface allows the 



« 
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PC 14 to read and write to the display's memory space. In this embodiment, the PC 14 is 
always the master, and the display 12 is always the slave. Only the PC 14 may initiate a 
communication transaction. 

The interface 35 is used during the boot-up process to allow the PC 14 to query the 
display 12 for information on its functionality. This information is then used to configure the 
operating system and video system. DDC26 support is used in both the PC 14 and display 
1 2. The DDC2B section of the VESA DDC Standard V3.0 may be referred to for more 
information. 

The Universal Serial Bus (USB) is a bi-directional serial bus that operates at speeds of 
1 .5 and 12 Mb/s. The bi-directional functionality of this bus enables both the PC 14 and the 
display 12 to initiate a communication transaction. This functionality allows the display 12 
to inform the PC 14 about events such as a button press on the display's front panel. The PC 
14 and display 12 support the USB Monitor Control Class Specification Vt .0 and VESA 
Monitor Control Command Set (MCCS) Standard V1.0 for software control of the display by 
the PC 14. The PC 14 and the display 12 also support the USB Class Definition for Human 
Interface Devices (HID) specification V1.0, as well as the USB HID Usage Tables 
specification VI .0 for transportation of user input from the display 12 back to the PC 14. In 
addition, the PC 14 supports the USB Device Class Definition for Audio Devices 
specification VI. 0 and USB Device Class Definition for Audio Data Formats specification 
VI .0 for the support of USB to transport audio. 

The PC Theatre system may also support IBEE 1 394- 1 995, which is a high-speed bi- 
directional serial bus that is capable of speeds greater than I Gb/s. This bus is intended to be 
used to transport video arid may also be used to control the display or transport audio. The 
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IEEE 1 394-1995 specification may be referred to for more information. Hereafter in this 
document, IEEE 1394-1995 is referred to as IEEE-1394 or just 1394. 

The PC 14 controls the display 12 using USB according to the requirements of the 
USB Monitor Control Class specification V 1 ,0 and VESA Monitor Control Command Set 
(MCCS) Standard V 1 .0. In addition to USB, display control may by supported over DDC2B 
and 1 394. Assuming that the PC 14 supports DDC-2B, USB, and 1 394 display 
communication, the recommended method of establishing communication with the display is 
to first attempt to corrjrnunicatc with the 1394 interface. If mis fails, the PC 14 should then 
attempt to establish communication with the USB interface. If this fails, the PC 14 should 
then attempt to establish communication with the DDC-2B interface. If this fails, the PC 14 
should assume the display 12 does not support software control and disable the software user 
control interface. 



If communication between the PC 14 and the display 12 is established, the PC 14 
requests the supported controls of the display 12 and configures the user interface 
accordingly. This cormnunication process is described in the block diagram shown in Figure 
7. The PC 14 reads the EDID file stored in the display 12 over the DDC interface. (Block 
60). The PC 14 then requests the status of the display 12 over the 1394 interface. (Block 62). 
If a valid response is received (block 64), the PC 14 requests supported controls fiom the 
display 14 and configures the display control user interface. (Blocks 66 and 67). If not, the 
PC 14 requests the status of the display 12 over the USB interlace. (Block 68). If a valid 
response is received (block 70), the PC 14 again requests supported controls from the display 
14 and configures the display control user interface. (Blocks 66 and 67). If not, the PC 14 
requests the status of the display 12 over the DC-2B interface, (Block 72). If a valid 



» 



» 
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response is received (block 74), the PC 14 again requests supported controls torn the display 
14 and configures the display control user interface. (Blocks 66 and 67). If not, the PC 14 
disables the display's control user interface. (Block 76). 

For identification Of the display 12, support of the VESA Extended Display 
Identification Data (ED1D) Standard V3.0 is utilized to communicate the display's 
capabilities to (he PC 14. This information is stored in the display 12 as a condensed memory 
block. 



With this information, the operating system and PC video subsystem can configure 
themselves for use with the display 12. The support of EDID structure Version 1.1 is 
advantageously utilized for all PC Theatre products. Jta addition, EDID Structure version 2.0 
is advantageously used for the system unit and digital displays. Version 2.0 of EDID resides 
at a different memory address in the display 12 to allow both EDID Versions 1.1 and 2.0 to 
be supported together. Note that if EDID structure Veision 2.0 is supported, Version 1.1 
support is still used EDID structure Version 2.0 contains additional infonnation that is used 
by displays that have additional functionality such as a digital video interface and support of 
USB. Note the EDID structure version and the version of the EDID standard is not the same. 
The EDID Standard Version 3.0 may be referred to for information about EDID structures 1 . 1 



and 2.0. 



The PC 14 also queries the display 12 for the supported controls over USB according 
to the USB Monitor Contml Class Definition specification VI .0 and VESA Monitor Comrol 
Command Set (MCCS) Standard VI.O requirements. For each supported control, the display 
12 is capable of reporting the type (continuous or discrete), the maximum value (the 
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minimum value is assumed to be Ten,), and the current value. This information is used by 
the PC 14 to configure the user control interlace. This user control interface presents a 
graphical user interface (GUI) of the supported controls. Only the appropriate user controls 
that are supported by the display are presented to the user. 

The display manufacturer has the option of reporting the support of controls to the PC 
14. rf the display manufacturer wants to process the user input and generate the OSD 
internally for a specific control when the display 12 is in slave mode, the display 12 simply 
does not report the support of the control to the PC 14. For this unreported control, the 
display 12 intercepts the user commands for this control processes the commands internally, 
and generates the OSD internally. 

The VESA Monitor Control Command Set (MCCS) Standard VI .0 gives a complete 
list of display control* Thi, specification is mitten to be protocol-independent and is used as 
me basis for the USB Monitor Control Class Definition and the VESA DDC Command 
Interface (DDC/CI) specifications. 

The display controls in Table 7 am urilized for PC Theatre operation with flat pane, 
displays. Itshouldbe noted that some of these controls do not apply to all display 
technologies. If the display technology does not support, or has great difficulty supporting, a 
specific control, this control can be considered optional. The Brightness and Contrast 
oontrols are used to adjust the display for viewing computer graphics in PC mode and full 
screen video in TV mode. The Volume and Balance controls are used to provide the 
minimum control of the audio amplifier in the display, ft should be noted that the audio 
controls are not listed in the USB Monitor Contml Class Definition specification and VESA 



Monitor Control Command Set (MCCS) Standard VI .0. Rather, these controls are listed in 
the USB Audio Class Definition for Audio Devices specification. 



COMMAND 


DESCRIPTION / VALUI\ 


Brightness 


Continuous control. Increasing this value increases the 
brightness level of the display. 
Unipolar setting: G0h=min 


Contrast 


Continuous control. Increasing this value increases the 
contrast level of the display. 
Unipolar setting: 00h=min 


Volume 


Continuous control Increasing this value causes the 
volume in the left and right audio channels to increase. 
Unipolar setting: OOh-mute 


Balance 


Continuous control Increasing this value maximizes the 
volume in the right audio channel and the volume in the 
left audio channel is decreased 

Bipolar setting: O0h=max left channel, mm right channel 



Table 7 - Flat Pane! Display Controls for PC Theatre 



The display controls in Table 8 are utilized for PC Theatre operation with CRT 
displays* The Brightness and Contrast controls are used to adjust the display for viewing 
computer graphics in PC mode and full screen video in TV made. The geometry controls are 
used to provide the minimum amount of raster position and size adjustment for a high quality 
display. The overscan control is used to adjust the display so the edges are not visible in full 
screen TV mode. This is used to hide noise commonly found on the edge of the picture. The 
Volume and Balance controls are used to provide the minimum control of the audio amplifier 
in the display. 
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COMMAND 


DESCRIPTION / VALUE 


Brightness 


Continuous control. Increasing this value 
increases the brightness level of the display. 
Unipolar setting: 00h=rnin 


Contrast 


Continuous control. Increasing this value 
increases the contrast level of the display. 
Unipolar setting; 00h as tnin 


Vertical 
Position 


Continuous control. Increasing this value 
moves the image toward the top of the display. 
Bipolar setting: 00h=max down 


Vertical Size 


Continuous control. Increasing this value 
increases the distance between the top and 
bottom of the image. 
Bipolar setting: 00h=min size 


Horizontal 
Position 


Continuous control Increasing this value 
moves the image toward the right side of the 
display. 

Bipolar setting: 00h a Tiiax left 


Horizontal Size 


Continuous control. Increasing this value 
increases the distance between the left and right 
sides of the image. 
Bipolar setting: 00h=min si2e 


Overscan 


Non-continuous control. This control is used to 
switch the display into an overscan mode. 
Note: The display should always power-up 
into an underscaiuied mode. The display 
should not go into an overscanned mode until 
instructed to do so by the PC. 


Volume 


Continuous control. Increasing this value 
causes the volume in the left and right audio 
channels to increase. 
Unipolar setting: 00h=mute 


Balance 


Continuous control. Increasing this value 
maximizes the volume in the right audio 
channel and the volume in the left audio 
channel is decreased. 

Bipolar setting: G0h=max left channel, min 
right channel 



Table 8 - CRT Display Controls for PC Theatre 
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The controls in Table 9 arc recommended for PC Theatre fimctionality in addition to 
the controls listed in the previous fables. It should be noted that some controls do not apply 
to flat panel technologies. 



1 COMMAND 


UtbCKir i lON / value 1 1 


nit control 


Continuous control. Increasing this value rotates the 
image in a clockwise direction. 
_ Bipolar settinE: 00h=max counterclockwise 


Color 

Temperature 


Continuous or non-continuous control. This control 
is used to change the color temperature of the 
display. 


TV Mode 


Non-continuous control. This control is used to 
switch the display into a mode that enhances the 
video for watching TV. 


Stand Alone Mode 


Non^ontinuous control. This control is used 1o 
switch the display from a stand-alone mode to a 
slave mode. 

Stand-alone mode: 

1 . Generate OSD internally 

2. Process user input internally 

3. Disable USB control interface 
Slave mode: 

1. Disable OSD 

2. Pass all user input to PC for processing 

3. Enable USB control interface 


Disable On Screen 
Display (OSD) 


NonHcontinuous control. This control is used to 
enable the OSD when in slave mode. This is to 
allow the display to generate the OSD instead of the 



Table 9 - Additional Display Controls for PC Theatre 



For a compiete list of additional controls, the VESA Monitor Control Command Set 
(MCCS) Standard VI .0 may be consulted. It should also be noted that an address block has 
been reserved for manufacturer specific controls in this standard. 
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In this embodiment, the PC 14 supports all CRT controls listed in Table 8, as well as 
all additonai controls listed in Table 9. Support foi these controls on the PC 1 4 includes the 
ability to query the display 12 for supported controls over USB, configure and present a user 
interface, and send control commands to the display 12 over USB. The display 12 does not 
store the control settings used for each mode, as the PC 14 will update the display settings 
after each mode change. 

The user input from the display s front button panel and remote control is passed back 
to the PC 14, via USB for processing according to the USB Class Definition for Human 
Interface Devices (HID) specification VI. 0 and the USB HID Usage Tables specification 
VI. 0. Sending all user input to the PC 14 for processing allows the display 12 and PC 14 to 
act as one system with a common user interface, A front burton panel and IR receiver is used 
to operate as USB devices. Note that this does not mean the front button panel and IR 
receiver have to be actual USB devices. The display 12 may only present a USB control 
interface to the PC 1 4, but may control these devices internally with an I 2 C or other type of 
control bus. 

The communication between the PC 14 and the display's button panel and IR receiver 
may be standardized to insure compatibility. The USB Class Definition for Human Interface 
Devices (HID) specification VI .0 defines the communication and the USB HDD Usage Table 
specification VI .0 specifies the address values to be used for each control. Refer to these 
specifications for more information. Note the manufacturer is free to use any IR or RF 
protocol for wireless input devices, as they are not specified in this standard. 
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For PC Theatre functionality, the input controls in Table 1 0 ore supported on the PC 
14. Support for these user controls includes the ability to receive these controls over USB, 
decode the control commands according to the USB HID Usage Table specification VI .0, 
present the appropriate user interface, and respond to the control either internally or send a 
control command to the display. It is advantageous for the controls listed in Table 10 to be 
supported by the PC 14, although the PC 14 may also "support additional control codes. 



USAGE NAME 


DESCRIPTION 


Digits 0-9 


Digits for the random selection cf television 
channels or other applications. 


Volume UP/DOWN 


Volume Control. 


Channel UP/DOWN 


Sequential channel changing via Up/Down 
commands. 


Power 


Power control for system. Power down does not 
necessarily represent lack of system power. 


Mute "1 


Instant volume mute. 


Menu 


Initiates on-device-display main menu. Sets a 
mode where the other menu controls are active. 
A subsequent menu press will cancel the mode. 


Menu Pick 


Pick item from an on -screen mean. 


Menu 


Menu navigation controls. 


UP/DOWN/LEFT/RIG 




HT 





Table 10 - Display Support for HID 



The VESA Display Power Management Signaling (DPMS) Standard VI. 1 may 
specify the operation of low power states in the display 12, and DPMS can be used by the PC 
1 4 to control the power state of the display 1 2. Hie modes of DPMS arc ON, STANDBY, 
SUSPEND, and ACTIVE-OFF. When both the horizontal and vertical syncs are active, the 
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display 12 is folly active and in the ON state. The display ] 2enter* the STANDBY state 
when only the vertical sync is active, fa this mode, the screen is blanked, but the display i2 
remains folly active. The display 12 enters the SUSPEND state when only the horizontal 
sync is active, fa this mode, the display 1 2 either enters a very low power state or the 
ACTTVE-OFF state. In the ACTIVE-OFF state, neither the horizontal nor vertical syncs are 
active. In this mode, the display's electronics should be completely shut down, with the 
exception of the microcontroller, USB interface, and IR receiver. If both of the syncs are 
restored, the display 12 enters the ON state. 



STATE II SYNC VM NC 



On 



Standby 



Suspend 



Off 



Active 



No 



Active 



No 



Active 



Active 



No 



No 



KEQUIUE.MEM 



Mandatory 



Mandatory - PC Only 



Mandatory - PC Only 



Mandatory 



Table 1 1 : DPMS Modes 



POWER 
SAVINGS 



None 



Minimal 



Substantial 



Maximum 



In this embodiment, the PC 14 supports all four DPMS states (ON, STANDBY, 
SUSPEND, and ACTTVE-OFF). The PC 14 reads the EDID data from the display 12 to 
determine the supported DPMS modes. For digital displays that only support ACTTVE-OFF, 
it is recommended that the TMDS transmitter be turned off for all DPMS modes. 



The display advantageously provides DPMS support as well To provide a minimum 
level of support, the display 12 would include only two modes: a folly active mode and a low 
power mode. Of course, but foil support of DPMS by the display is typically advantageous. 
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Tbe display 12 monitors the vertical sync lint. If this SynC line is active, the display 
1 2 is My active for the ON and STANDBY modes. If the vertical sync is not active, the 
display 12 enters a low power state to support SUSPEND and ACTTVE-OFF modes. In this 
low power .node, the power LED on the front panel is extinguished (or changes color) and tbe 
microcontroller, USB interface, and IR receiver remain active. The USB Specification VI. 1 
may be consulted for information about USB power management. 



Both analog and digital displays g0 into a low power state if any of the video data or 
timing signals are out of range or are invalid It is recommended that an OSD be used to 
communicate the problem to the consumer. 



The PC Theatre display 12 and PC 14 support two modes of operation: TV and PC. 
Each mode is advantageously configured for the best video quality of the m ode. For 
example, the PC mode is displayed with the best settings for computer graphics, and the TV 
mode is displayed with the best setting, for TV video. Special video enhancements maybe 
used in TV mode for video mat is more like that of a standard TV. Examples of such video 
enhancements are velocity scan modulation, white peaking, black stretch, and flesh tone 
correction. The DispUy-Mode control in the VESA Monitor Control Command Set (MCCS) 
Standard V1.0 may be used by the PC 14 to enable these display video enhancements in TV 
mode and disable them in PC mode. Table ,2 contains the typical video modes supported by 
both the PC 14 and display 12. 



« 
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Horizontal 


Vertical 




Format 


Frequency (kHz) 


Frequency (Mz) 


Standard Type 


640 x 350 


31.5 


70 


Industry Standard 


640x400 


31.5 


70 


Industry Standard 


720 x 400 


31.5 


70 


Industry Standard 


640 x 480 


31.5 


59.95, 60 


Industry Standard 


720 x 480 


31.5 


59.94 


VESA (proposed! 



Table 12: Video Modes 



In addition to the video modes listed in Table 12, support of the video modes listed i 
Table 13 may also be considered for the PC Theatre PC 14 and display 12. 





Wrf ical Froqiii-iK-v 




F urmal 


(Hz) 


Stand :ird Type 


640 x 480 


72, 75, 85 


VESA 


720 x 576 
(for PAL support) 


50 


IEC 1 146 
ITU-R Report 624-4 


SOOx 60O 


59.94, 60, 72, 75, 85 


VESA 


1024 x 768 


59.94, 60, 7a 75. 85 


VESA 


1280 x 1024 


59.94, 60, 75, 85 


VESA 



Table 13: Additional Video Modes 



Digital TV support is recommended for both the PC Theatre PC 14 and display 12. 
The ATSC specifications may be consulted for information about the digital television 
formats. Although detailed information about video modes is beyond the scope of this 
specification, the following standards may be studied for more information about the video 
modes listed in Tables 12 and 13: VESA Display Monitor Timing Specifications (DMTS), 
Version 1.7. December 18, 1996; Digital Television Standard for HDTV Transmission, 
ATSC A/53, 1 995; Guide to the Use of the Digital Television Standard for HDTV 
Transmission, ATSC A/54, 1995; Program for System Information for Terrestrial Broadcast 
and Cable, ATSC A/65, 1 997; Basic Parameter Values For The HDTV Standard For The 
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Studio And For International Programme Exchange - Section 11 A - Characteristics of 
Systems for Monochrome and Colour Television. ITU-R BT.709, 1990; National Television 
Standards Committee (NTSC), JTU-R Report 6244, 1 990; and PAL (Phase Alternating 
Line), Video Cameras (PAL/SECAM/NTSC) - Methods of Measurement - Part 1 : Non- 
Broadcast, Single-Sensor Cameras, First Edition, IEC 1 146; ITU-R Report 624-4^994. 

Advantageously, the PC 14 and the display 1 2 share resources to prevent unnecessary 
duplication of components. For example, if the display 12 has an optional television tuner, 
the PC 14 can make use of this device to provide Picture-In a-Picture (PIP) functionality. 
The display 1 2 can support software control of the tuner and a video multiplexer via USB. 
The PC 14 sends USB commands to the tuner, and uses the Output Source Select 1 control 
in the VESA Monitor Control Command Set (MCCS) Standard VI .0 to select it as the output 
video source. The composite video is sent to the PC 14 through a separate cable to the 
Composite Video input connector 



The PC 14 and the display 12 may also support USB television tuner controls that 
allow the PC 14 to control the tuner 12 in the display. For these controls the channel map is 
stored and controlled by the PC 14. 



The use of the display's connector panel by the PC 14 greatly increases the flexibility 
and expandability of the system. If the desired video source is connected to the display 12, 
the PC 14 can select the source via USB with the Output Source Select 1 control in the 
VESA Monitor Control Command Set (MCCS) Standard V1.0 and receive the composite 
video through separate cable to the Composite Video input connector. 
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The PC 14 and the display 12 have many possible configurations depending open the 
price-point and level f functionality required. Two possible configurations are described 
herein. The first configuration is a minimatistic configuration for PC Theatre functionality, 
while the second configuration includes additional support that may be included for full PC 
Theatre functionality. - _ 



The block diagram in Figure 8 illustrates the PC Theatre system 10 in the first 
configuration. The key subsystems of the display 12 are represented as blocks in order to 
simplify the diagram. Thedisplay electronics 80 represents all the functionality of a standard 
VGA monitor. The control electronic* 82 is coupled to the display electronics 80 by an ft; 
bus 84, and it repress the display microcontroller communication and control functionality. 
The USB hub 86 is shown to be part of the control electronics 82 as this functionality can be 
integrated into the main display microcontroller. The control electronics 82 is coupled to an 
audio amplifier 88 by a USB bus 90. which in tun. is coupled to a left speaker 92 and a right 
speaker 94. 



The control electronics 82 may receive input signals from a control panel 96, and 
input and output signals may pass to a from the control electronics via the USB hub 86 which 
is coupled to the appropriate P&D connector 32 or 34 via a USB and DDC interlace 98. The 
display electronics 80 may receive command signals from the control electronics 82 via the 
PC bus 84 or from the PC 14 directly via an RGB interface 100 mat is coupled to the P&D 
connector 32 or 34. 



The PC 14 includes an A/V subsystem with tuner 1 02 that receives input signals from 
various A/V inputs 104. The A/V subsystem 102 is coupled to the P&D connector 30 via and 
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A/V interface 1 06. The PC 14 also includes a root USB hub 108 that is coupled to the P&D 
connector 30 via a USB interface 1 10 and that is also coupled to USB porta 1 12. 

As can be seen from Fig. 8, in the first configuration, the PC 14 supports the 
following functionality: 

• USB (12 Mb/s) 

• Audio (USB and Analog) 

• P&D-A/D connector with signals support listed in Table 3 

• A/V subsystem 

The PC 14 also supports a root USB hub 108 and the software for 12 Mh/s USB 
functionality. The PC 1 4 supports the USB Monitor Control Class Specification VI .0 and 
VESA Monitor Control Command Set (MCCS) Standard VI .0 for software control of the 
display 12 by the PC 14. This control of the display 12 includes querying the monitor for 
supported controls, configuring to support all controls, and providing a user interface to allow 
the consumer to adjust the display settings* The PC 14 also supports the USB Class 
Definition for Human Interface Devices (HID) specification Vl.0, and the USB HID Usage 
Tables specification Vl .0 for transportation of user input from the display 12 back to the PC 
14, In addition, the PC 14 supports the USB Device Class Definition for Audio Devices 
specification Vl.0 and USB Device Class Definition for Audio Data Formats specification 
VI. 0 for the support of USB to transport audio. 

In regard to audio, the PC 14 supports both USB and analog stereo audio output to the 
display 12. For USB Audio, the PC 14 is capable of sending uncompressed linear 16-bit 
stereo audio to the display via USB according to the USB Device Class Definition for Audio 
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Data Formats specification VI .0. The PC 14 first queries the display 1 2 to determine if USB 
audio is supported before this functionality is enabled. The PC 14 also supports a line-level 
analog audio output. The connector for this output may be a 3.5 mm stereo audio jack. The 
PC 14 controls the display's audio amplifier 88 via USB for both TJSB and analog audio 
monitors according to the USB Device Class Definition far Audio Devices specification 
VIA 

The PC's A/V subsystem 102 is capable of combining PC and TV video sources and 
sending the combined video to the display 12. This A/V subsystem 102 is capable of 
processing video and audio from the optional internal tuner, an optional toner in the display 
12, and input through the rear connector panel. The PC 14 also supports at least one 
Composite video input connector* as well as two 3.5 mm stereo jacks for input and output of 
line-level stereo audio. 

In this first configuration, the display 12 supports the following functionality: 

• USB Control (1.5 Mb/s) 

• Analog Audio Amplifier 

• Standard VGA monitor electronics 

The display 12 also supports 1.5 Mb/s USB functionality to enable control by the PC 
14. Mote that the support of 1 .SMb/s does not allow down-steam USB connectors or audio to 
be supported. The display 12 further provides a standard HID monitor control interface to the 
PC 14 according to the USB Monitor Control Class Specification V1.0 and is capable of 
reporting supported controls, reporting current status, and receiving control commands from 
the PC 14. 
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The display 12 also may include a stereo audi amplifier 88 to process analog audio 
received from the PC 14. For analog audio input, the display 12 supports two RCA audio 
connectors on the back panel, and analog audio typically utilizes an additional cable between 
the PC 14 and display 12. The audio amplifier 88 acts as a separate USB device and follows 
the requirements of the USB Device Class Definition for Audio Devices specification V1.0. 

The display 12 supports the video electronics of a standard monitor. The display 12 
receives either analog RGB video ox digital TMDS video through the appropriate P&D 
connector 32 or 34 and displays the video according to the user settings. 

The block diagram in Fig, 9 illustrates the PC Theatre system 10 in the second 
configuration. Like Fig, 8. the key subsystems of the display 12 are represented as blocks in 
order to simplify the diagram. Also, in the interest of clarity, reference numerals of 
previously discussed elements are used to designate like elements illustrated in Fig. 9. The 
display electronics 80 represents all the functionality of a standard VGA monitor. The 
control electronics 82 is coupled to the display electronics 80 by an I 2 C bus 84, and it 
represents the display microcontroller communication and control functionality. The USB 
hub 86 is shown to be part of the control electronics 82 as this functionality can be integrated 
into the main display rnicrocontroller. The control electronics 82 is coupled to an audio 
amplifier 88 by a USB bus 90, which in turn is coupled to a left speaker 92 and a right 
speaker 94. 

The A/V electronics 120 represents additional functionality that has been added to the 
display t2 to support stand-alone TV functionality. The A/V electronics 120 may be coupled 
directly to the control electronics 82 by an I 2 C interface 1 22, or the A/V electronics may be 
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coupled to a tuner 124 which is coupled to the control electronics 82 by an PC interface 126. 
The A/V electronics may also receive or transmit signals via the A/V ports 1 28. 

The control electronics 82 may receive input signals from a control panel 96, and 
input and output signals may pass to a from the control electronics via me USB hub 86 which 
is coupled to the appropriate P&D connector 32 or 34 via a USB and DDC interface 98. The 
display electronics 80 may receive command signals from the control electronics 82 via the 
I l C bus 84 or fiom the PC 14 Erectly via an RGB interface 1 00 that is coupled to the P&D 
connector 32 or 34. 



Like the first configuration, the PC 14 includes an A/V subsystem with tuner 102 that 
receives input signals fiom various A/V inputs 104. The A/V subsystem 1 02 is coupled to 
the P&D connector 30 via and A/V interface 106. The PC 14 also includes a root USB hub 
108 that is coupled to the P&D connector 30 via a USB interface 1 10 and that is also coupled 
to USB potts 1 12. In addition to the first configuration, the PC 14 may include a USB port 

130 that is coupled to the root USB hub 108. Also, the PC 14 may include a 1394 i 32 

which receive signals from the 1 394 port 1 34 and transfers these signals to the P&D 
connector 30. 



As can be seen from Fig. 9, in the second configuration, the PC 14 may support the 
following features that are in addition to the functionality described above in relaticn to the 
first confiruatiorr 

• Additional USB Connectors 

• Additional A/V Connectors 
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* Tuner 

• IEEE- 1394 Support 



In addition to USB support through the P&D connector 30, the PC 14 may support 
USB connectors on the front and rear panel through the ports 1 12 and 1 30. hi addition to the 
single Composite Video connector supported in the first configuration, the PC 14 may also 
support other video connectors (Composite and S-video) on the front and/ox rear panels. The 
PC may also support an internal tuner for watching TV without the need for the tuner 124 in 
the display 12. Also, the PC 14 may provide support for 1EEE-1 394 to the display 12 through 
the P&D connector 30, and the PC 14 may support 1394 connectors on the front and/or rear 
panels via the 1394 ports 134. 

In this second configuration, the display 12 may support the following features that 
are in addition to the functionality described above in relation to the first configuration: 

• Stand- atone TV Functionality 

• Front Button Panel 

• Remote Control and IR Receiver 

• USB Connectors and Audio Support 

• IEEE-1394 Support 



The display 12 may support two modes of operation: stand-alone mode and slave 
mode. In stand-alone mode, the display 12 operates as a standard TV. In addition to the 
standard monitor electronics, the display 12 also includes a video and audio subsystem 
embodied in the A/V electronics 120 capable of providing stand-alone TV functionality. This 
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subsystem may include a tuner or tuners 1 24, A/V connectors i 28 on the back panel, and 
video and audio multiplexers. 



This subsystem has two modes of operation When in stand-alone mode, this 
subsystem provides the functionality necessary for stand-alone TV operation. When 
connected to a PC Theatre PC 14 and in slave-mode, the video from the tuner 124 or A/V 
connectors may be selected and sent to the PC 14 via the control electronics 82 for 
processing. In slave mode, the display 12 passes all user input to the PC 14 for processing, 
disables the On Screen Display (OSD), displays the VGA video from the PC 14, and 
responds to USB commands from the PC 14. 

The display's front panel 96 can include buttons for Channel-Up, Channel-Down, 
Volume-Up, Volume-Down, Menu, Select, Power, etc. These buttons on the front panel have 
two modes of operation. When the display 1 2 is in stand-alone mode, the control electronics 
82 responds directly to a button press. When the display 1 2 is connected to a PC Theatre PC 
14 and in slave mode, the display 1 2 sends a USB command to the PC 14 when a button is 
pressed and does not generate an OSD internally. The USB command may be sent according 
to the requirements of the USB Class Definition for Human Interface Devices (HID) 
specification VI .0, and the USB HID Usage Tables specification VI .0. The PC 14 then 
processes the user input. 

As mentioned previously, the display 12 may include a remote control and IR or RF 
receiver. The receiver may also have two modes of operation. When the display 12 is in 
stand-alone mode, the receiver data from the remote is processed internally. When the 
display 12 is connected to the PC 14 and in slave mode, the remote button presses are sent as 
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USB commands to the PC 14 according to the requirements of the USB Class Definition for 
Human Interface Devices (HID) specification V1.0, and the USB HID Usage Tables 
specification VI .0. The PC 14 then processes the user input 

The display 12 may include a 12 Mb/s USB hub and external TJSB connectors 140 
and 142. The connectors 140 and 142 may be on the front and/or rear panel. Note that USB 
connectors are typically connected to the PC 14 regardless of the display's power state (On or 
Active-Off) and operation! mode (stand-alone or slave). The display 12 may also support 
USB audio. For USB audio support, the audio amplifier 88 receives the uncompressed linear 
stereo 16-bit USB audio stream through the P&D connector according to the requirements of 
the USB Device Class Definition for Audio Data Formats VI .0. 

The display 12 may support IEEE- 1394 video processing and connectors 144 on the 
from and/or rear paneL Note that 1394 connectors aretypically connected to the PC 14 
regardless of the display's power state (On or Active-Ofl) and operational mode (stand-alone 
or slave). 



Next, a high level description the operational procedures utilized for the PC 14 and 
the display 12 is presented to provide PC Theatre functionality and to insure compatibility. 
The appropriate VESA or USB specification may be consulted for more information. 
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Tbc startup procedures for a PC Theatre system 10 as it initializes itself are described 
below. The PC Theatre system startup procedures are as follows: 

• Determine if an active display is connected to the syslem. This is determined by 
checking to see if the voltage on pin 8 of the P&D connector is greater than +2 VDC. 

• Attempt to read the 256 KB EDED data structure 2.0 at the FC slave address of 

A2h. 

• If the read was successful, determine if the EDID 2.0 data is valid by checking the 
checksum of the EDID structure. 

• If the EDID 2.0 data is valid, parse and store the data, 

• With the parsed EDID 2.0 data, configure the video subsystem and activate 
appropriate video interface (RGB or TMDS). 

• If the attempt to read the EDID 2.0 data fails, attempt to read the 128 KB EDID 
data structure 1 .1 at Ihe I J C slave address of AOh. 

• DetomineiftheEDID 1 ,1 data is valid by checking tbe checksum of the EDID 
structure. 

• If EDID 1 . 1 data is valid, parse and store data. 

• With parsed data, configure the video subsystem and activate the appropriate video 
interface (RGB or TMDS). For a digital display, assume the default configuration of 24 bit 
MSB-aligned RGB TFT. 

• If the attempt to read the EDID 1.1 data fails, assume the display does not support 
DDC and use default RGB video settings. 

• Request status from HID monitor control device via USB. 

• If a valid response is received from the display, request the list of supported 
controls and the type and range of each control. 
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• With the data of supported controls, configure the display control panel user 
interface. 

• Check the list of monitor supported controls to determine if a tuner is supported. 

• If tuner controls are supported, configure the user interface to use the tuner and 
configure the video subsystem to receive the video through the Composite video connector. 

• Check the list of monitor supported controls to determine if the Output Source 
Select control is supported. 

« If this output control is supported, configure the user interface to use the rear 
connector panel of the display and configure the video subsystem to receive the video through 
the Composite video connector. 

• Check to see if the default control values of the display are stored internally. 

• If the default values have not been stored internally, restore the default values of the 
display using the RestoreFactoryDefault or Restores a ved command (if supported). Read 
all of the displays picture quality and geometry control settings and stoic them internally as 
the defaults. Repeat the process for each supported DispiayMode (Productivity, Games, 
Movies). 

• Request the status of the USB audio amplifier in the display. 

• If a valid response is received, request the supported audio controls and configure 
internal audio subsystem to send USB audio to the display using a supported format 
(compressed, uncompressed, number of channels, etc). 

• If a valid USB response is not received, assume display does not support PC 
Theatre functionality and disable the user interface. 

• If the display is in Stand-alone mode, use the Display Transition procedures to 
change the display to Slave mode. 
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Next, the startup procedures for the PC Theatre display 12 as it initializes itself are 
described below. The display 12 startup procedures arc as follows: 

1 . Perform normal initialization procedures for either a standard monitor or TV. 

2. Set all controls using internally stored settings. 

3. For a stand-alone TV, set the status of the internal Operation Made control to 
Stand-alone and operate as a standard TV. 

4. If the display does not support stand-alone operation, set the status of the internal 
Operation Mode control to Slave and operate as a standard monitor. 

The mode transition procedures are described below for the PC 14 as this device 
transitions the display 12 from stand-alone mode to slave mode or slave mode 1o stand-alone 
mode. The procedures for transitioning the display 12 from stand-alone mode to slave mode 
are as follows: 

1. Send an Operation Mode command to the display to switch to Slave mode. This 
enables the PC to control the display. 

2. Read bade the status of the Operation Mode control. Do not send other USB 
commands to the tiisplay until the status of this control indicates Slave mode. Repeat the 
read process if necessary. 

3 . Send an Input Source Select command to switch the display to the P&D input. 
This enables the PC to drive the video input of the display. 

4. If the computer is in TV mode, and the controls are supported, send a Scan 
Format command to switch the display to Overscan and a Display Mode command to 
switch the display to Movies which enables the TV video enhancements. In addition, disable 
internal screen savers and DPMS operation. 
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5. If the computer is in PC mode, ami the controls „ 5upponedi send . ^ ^ 
command to switch the display to Under.can and a D isp la y Mode command to switch the 
display to Prodactivity which disables the TV video enhancements. 

6. Send appropriate video qoahty and geometry commands to the display for the 
current mode. 



The procedures for transitioning the display 1 2 from S Iave mode to stand-alone mod* 
arc as fa I tows: 

1 • Send Open.*. Mode command to the display to switch to Stand-alone mode. 
2. Disable USB command communication to the display. 

The mode transition procedures are described below for th, display 12 as i, uansitto™ 
irom stand-atone mode to sUve mode or slave mode to stand-aicne mode. The PC Theatre 
display procedures tor transitioning from stand-alone mode to slave mode are aa follows: 

1. Waituntil internal transition is complete before reporting the ^tus of the 
Operation Mode command as set to Slave. 

2. Enable the reception of other USB commands from the PC. 

3. Enable DPMS operation of the display. 

4. Disable internal pro^ of ^ input ^ M ^ ^ ^ ^ 

5. Send all user commands to the PC for processing over USB. 

6. Disable internal OSD. 



VI 
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Theproceduresfortransitioningthedisplay 12 from slave mode to stand-atone m de 
arc as follows; 

1. Wait until internal transition is complete before reporting the status of the 
Operation Mode command as set to Stand-Alone 

2. Disable the reception of all USB commands except Operation Mode and status 
from the PC. 

3. Disable DPMS operation of the display. 

4. Enable internal processing of user input from remote and front button panel. 

5. Disable sending all user commands to the PC. 

6. Enable internal generation of user interface. 

7. Restore internal default values for picture quality and geometry. 

8. Switch Input Source Select to Tuner. 

9. Resume normal TV operation. 

Tne normal operation procedure is describe below for a fully active PC 14. 
1 Process all user input from keyboard, mouse, gamepad, and display. 

2. Display the appropriate user interface. 

3. Control internal subsystems. 

4. Send control commands to the display. 

Tne normal operation procedure is described below for the PC Theatre display 1 2. 
The PC Theatre display 12 normal operation procedures for stand-alone mode are as follows: 

1. Process all user input internally. 

2. Display appropriate user interface. 
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3. Send appropriate control commands to internal subsystems. 

The PC Theatre display normal operation procedures for stand-alone mode are M 
follows: 

1 - Send all user input to the PC for processing. 

2. Disable internal display of user interlace. * 

3. Dibble internal control of display subsy stems . 

The shutdown procedure is descrmed below for a PC Theatre PC 14 as this device 
transitions to a sleep mode. 

1 • Send Operation Mode command to the display to switeh to St . nd . alone ^ 
2. Perform normal shut down procedures for a PC. 



The shutdown pmcedure is Scribed below for a PC Theatre display 12 as this device 
transitions to a sleep mode. 

1 . If the display is in Slave mode, pass the user *h.«A~ 

s pass me user shutdown command to the PC for 

processing. 

2. Iflhe display is in Stand-alone mod/- n-rf . . 

mod£ > Pwform normal shutdown procedures. 

3. Ignore all USB commands from the PC after shutdown. 



WMIe the invention may be susceptible to various modifications an, alternate 

^^^^^^^^^^ 

modifications, equivalents, and alternatives felling within the snint , a 

8 ^ S " lnt SC "P° of the invention 

as defined by the following appended claims 
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4 . Brief Description of Drawings 



Fig. 1 illustrates a high level block diagram of an exemplary PC Theatre 



system; 



Fig. 2 illustrates an analog/digital (A/D) Plug and Display (P&D) 



connector; 



Fig. 3 illustrates an analog P&D connector, 



Fig. 4 illustrates a digital P&D connector, 



Fig. 5 illustrates a diagrammatic view of interaction between the connectors of Figs. 2, 
3, and 4; 



Fig. 6 illustrates PC Theatre signal interfaces between a PC and a display; and 

Fig. 7 illustrates a flowchart depicting a process for configuring an interlace between 
a PC and a display; 



Fig. 8 illustrates a detailed block diagram of one embodiment of a PC Theatre system; 

and 



Fig. 9 illustrates a detailed block diagram of another embodiment of a PC Theatre 

system. 
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1 . Abstract 

r 

An interconnccuvity scheme for a PC Theatre system includes the use of compatible 
Plug and display conuectom on both the display and the host computer. Audio/video signals 
received by either the display or the computer may be processed by the computer and 
ttansmitted between these devices in a standantized signal format using the compatible 
connectors. The control scheme for facilitating muster-slave control of the display by the 
computer includes the use of various standardized signal, and formats as well to ensure 
compatibility between products manufactured by different companies. 

2 . Representative Drawing 



